Analyses of essential oils obtained from fresh and dried leaves and inflorescences of Piper clausenianum were performed using GC-FID, GC-MS and NMR techniques. Forty compounds were detected for these four oils with the total of identified constituents ranging from 88.7% for the dried inflorescences to 97.7% for the dried leaves. Sesquiterpenes were the main constituents in the volatile fraction from leaves with a high percentage of (E)-nerolidol (up to 83%). However, monoterpenes were identified in greater amount in the inflorescences, with linalool percentages from 50% up. The essential oils from fresh leaves and inflorescences were submitted to anti-parasitic activity against a strain of Leishmania amazonensis. Both samples showed biological activity, but the essential oil from P. claussenianum fresh leaves, which was rich in (E)-nerolidol, showed effective growth inhibition of L. amazonensis due to the high percentage of this metabolite in the mixture.
Brazil, a country of megadiversity, encompasses the richest flora in the world. The family Piperaceae, containing approximately 2,500 species, is widely distributed in tropical and subtropical regions [1a] . In Brazil there are about 500 species of Piperaceae belonging to the genera Peperomia, Piper, Pothomorphe, Ottonia and Sarcorhachis. Piper is the most important genus in the family and encompasses more than 700 species [1b] of which 266 can be found in Brazil [1c] . Many species of Piper are popularly used to treat several diseases and some of them have been extensively investigated as a source of natural products with antitumor, antimicrobial, antifungal, molluscicidal and insecticidal activities [2a-2h] . Phytochemical investigations of these plants have led to the isolation of alkaloids, amides, flavonoids, phenylpropanoids, pyrones, and lignans [3a-3e] . Analysis of volatile constituents from Piperaceae species has revealed the presence of monoterpenes, sesquiterpenes, arylpropanoids and methylenedioxyphenyl derivatives [3a,4a,4b] . Some of these volatile compounds are toxic [4c], but some have shown interesting biological properties [3a,4a,4d,4e] .
Approximately 350 million people live in areas of active transmission of Leishmania, with 12 million people directly affected by leishmaniasis. More than 90% of the cutaneous leishmaniasis cases occur in Afghanistan, Saudi Arabia, Algeria, Brazil, Iran, Iraq, Syria, and Sudan [5a] . Previous reports concerning terpene activity on Leishmania spp, as well as Piper compounds with leishmanicidal properties [5b,5c] encouraged us to carry out this work. Furthermore, recently, the linalool-rich essential oil from the leaves of Croton cajucara has been tested against L. amazonensis and shown to reduce the parasite infection [5d]. The in vitro activity of nerolidol and linalool against these parasites may suggest these compounds as NPC Natural Product Communications 2010 Vol. 5 No. 11 1837 -1840 an alternative to be used for the development of new drugs for the treatment of leishmaniasis. This is the first report on volatile constituents from Piper claussenianum (Miq.) C. DC.
The essential oil yields obtained by hydrodistillation of the leaves and inflorescences of P. claussenianum from fresh and dried material were about 1% (w/v) in both cases. Results for the qualitative and quantitative analysis of the essential oils are shown in Tables 1 and  2 for leaves and for inflorescences, respectively. In total, 40 compounds were identified in these four essential oils, ranging from 88.7% for the dried inflorescences to 97.7% for the dried leaves. The oils showed rich monoterpene and sesquiterpene fractions. Sesquiterpenes were identified as the main constituents of the volatile fraction from leaves, while monoterpenes were found in greater amount in the inflorescences (Tables 1 and 2 ). The high percentage of the sesquiterpene (E)-nerolidol in the leaves and the monoterpene linalool in the inflorescences was remarkable for this species. The major component in the essential oil from the leaves, (E)-nerolidol, formed over 80% of the oil from both the fresh and dried samples. The structure of (E)-nerolidol was confirmed by the 1 H NMR and 13 C NMR spectra obtained of the crude essential oil from leaves. For inflorescences the main constituent was linalool, forming up to 50% of the oil from both fresh and dried materials. The oils from leaves of P. claussenianum were characterized by their high content (fresh and dried material, respectively) of (E)-nerolidol (81.4%; 83.3%), followed by linalool (5.2%; 2.1%), γ-muurolene (1.1%; 3.2%), (E)-caryophyllene (0.6%; 1.4%) and γ-elemene (0.5%; 0.8%). On the other hand, for the inflorescence oils, linalool was found (fresh and dried material, respectively) as the main constituent (50.2%; 54.5%), followed by (E)-nerolidol (22.7%; 24.3%), α-humulene (2.6%; 2.6%), (E)-caryophyllene (2.0%; 2.0%) and β-selinene (0.6%; 4.0%). It is worth noting the total absence of arylpropanoids in these oils. These metabolites, such as dillapiol, apiol, sarisan, and myristicin, are common in the essential oils of Piperaceae species, often being the main compounds of the volatile mixtures [4b,4d,4e].
Due to the high yield of the essential oils from P. claussenianum, with the remarkable presence of (E)-nerolidol and linalool, together with previous reports on the antileishmanial activity of nerolidol-and linalool-rich plant material against Leishmania spp, the P. claussenianum essential oils from leaves and Essential oil of Piper clausenianum Natural Product Communications Vol. 5 (11) 2010 1839 inflorescences were assayed against a strain of L. amazonensi, in its promastigote form.
The MIC data and IC 50 calculated values obtained in this study are summarized in Table 3 . Both assayed oils inhibited the growth of the parasite. MIC and IC 50 values of the leaf essential oil were respectively 57.6 μg/mL and 30.4 μg/mL (± 3.2 for both; equivalent to 0.0072% and 0.0038%) against L. amazonensis. The inflorescence essential oil tested on L. amazonensis showed MIC and IC 50 calculated values of 664.0 ± 23.9 μg/mL and 1328.0 ± 58.1 μg/mL, respectively.
Arruda [5b] has published about growth inhibition of Leishmania amazonensis, L. braziliensis, and L. chagasi promastigotes and L. amazonensis amastigotes in vitro.
The treatment of L. amazonensis infected macrophages with 100 μM of nerolidol resulted in a 95% reduction in infection rates. Toxic effects were not observed in vitro after intraperitonial or topic administration of nerolidol. A commercial mixture of (Z) and (E)-nerolidol (Sigma-Aldrich) was used for his assays and the results obtained for MIC and IC 50 were 23.57 μg/mL and 19.04 μg/mL, respectively. Considering that the essential oil from leaves of P. clausenianum is composed of up to 81% of (E)-nerolidol, it is reasonable that a lower activity was obtained than for the epimeric mixture of nerolidol tested by Arruda [5b].
The essential oil from leaves of P. claussenianum, rich in (E)-nerolidol, showed an efficient inhibition of L. amazonensis growth due to the high percentage of this metabolite in the mixture. Although the P. claussenianum leaf essential oil inhibition activity was less pronounced on the promastigotes when compared with the pure compound (literature records), it is interesting that the content of (E)-nerolidol was over 80%. Thus this plant species may be considered as an excellent source of this metabolite for the perfumery and pharmaceutical industries.
Experimental
Plant material: Leaves and inflorescences of P. claussenianum (Miq.) C. DC. were collected in the community of São Manoel, Castelo, ES, Brazil, in February 2009. A voucher sample is deposited at the RB Herbarium of Jardim Botânico do Rio de Janeiro, under the number RB 489043.
Essential oil extraction:
The essential oils were separately extracted from leaves and inflorescences of fresh and air-dried material. Each fresh and dried sample (about 100 g) was extracted by hydrodistillation (HD) for 2 h in a Clevenger-type apparatus [4d], yielding about 1.0% (w/v) of light yellow essential oils with a pleasant odor. The oils were dried over anhydrous sodium sulfate and stored in closed dark vials at 4 o C until analysis.
GC-FID analysis:
Quantitative and qualitative analyses were carried out on a GC 2010 Shimadzu apparatus with a DB-1MS fused silica capillary column (30 m x 0.25 mm x 0.25 μm film thickness). The operating temperatures used were: injector 260 o C, detector 290 o C and column oven 60°C up to 290 o C (3 o C min -1 ). Hydrogen at 1.0 mL min -1 was used as carrier gas. The percentages of the compounds were obtained by GC-FID analysis.
GC-MS analysis:
Qualitative analysis were carried out on a GC-MS QP 5000 Shimadzu machine with a ZB-5MS fused silica capillary column (30 m x 0.25 mm x 0.25 μm film thickness) under the experimental conditions reported for GC-FID analysis.
Chemical elucidation of the essential oil:
The essential oil components were identified by comparison of their retention indices and MS with published data [6a] . National Institute of Standards and Technology (NIST 62) libraries provided the computer controlling the GC-MS system. The results were also confirmed by comparison of the compound elution orders (retention times) with their relative retention indices reported in the literature [6a] . The retention indices were calculated for all volatile constituents using the retention data of linear n-alkanes (C 8 -C 26 ). The essential oil obtained by hydrodistillation of fresh leaves was analyzed by 1 H and 13 C NMR recorded on a Brüker DRX 400 spectrometer. The signals of (E)-nerolidol were determined due to its high percentage in the mixture (>80%) and compared with literature data [6b].
Biological activities

Parasites:
Leishmania amazonensis strain MHOM/Br/75/Josefa was maintained as promastigotes at 26°C in Schneider insect medium (S9895 SIGMA) supplemented with 10% fetal calf serum (v/v) and gentamicin.
Effect of essential oils on promastigote parasites:
The essential oils from fresh leaves and inflorescences were initially dissolved in DMSO to obtain a 50% stock solution and stored at −20°C. This solution was then diluted 10 times in the proper medium of each parasite experiment, resulting in an initial solution of 5% concentration. The 5% initial solution was diluted 5 times and then serially diluted for use in the experiment. Using this procedure, the final concentration of DMSO never exceeded 0.5%, which is considered a non toxic concentration for the protozoa [6c]. Log phase promastigotes (10 6 parasites/ mL) were incubated (100 μL) for 72 h at 26 o C in 600 μL polystyrene tubes 1840 Natural Product Communications Vol. 5 (11) 2010 Marques et al.
(Eppendorf ® ) with either absence or presence of the essential oils in several concentrations (4.15 mg/ mL to 0.24 μg/ mL, equivalent to 0.5% to 0.00003%). The inhibitory effect on cell growth was estimated by differential cell counting of the living and dead cells using a Neubauer chamber. Parasites' viability was assessed before and after incubation by motility evaluation and by the trypan blue exclusion method [6c,6d]. Cell viability was determined by the following formula: (L2/L1) x 100, where L1 is the total control cells and L2 the viable pre-treated cells. The minimum concentration of the agent that inhibited completely and 50% the parasites viability, determined from sigmoidal regression of the concentration-response curves, was defined as MIC and IC 50 respectively. All experiments were performed in duplicate and complete medium containing 0.5% DMSO was used as control.
Reference drugs: Anfotericin B ® (Cristalia/SP) was used as an antileishmanial reference drug. Stock solution in a concentration of 1.6 mg/mL was prepared in DMSO and serially diluted in the proper medium of each parasite by the time of the experiment.
